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METHOD FOR MODIFYING PIANTS 



5 Field o£ invention 

This invention relates to a method for the modification of 
plants, more specifically to a process for increasing the 
level of certain isoprenoid compounds, specifically sterols, 
10 in plants. 



Background of the invention 

15 Many approaches have been suggested for modifying isoprenoid 
prodyation in plants «, 

Whereas only a few sterols exist in animals, with 
cholesterol being by far the major one, in plants a wide 
20 range of sterols is found. Structural variations between 
these arise from different substitutions in the side chain 
and the number and position of double bonds In the 
tetracyclic skeleton. 

25 Plant sterols can be grouped by the presence or absence of 
one or more functionalities. For example they can be divided 
into three groups based on methylation levels at C4 as 
follows: 4 -desmethyl sterols or end product sterols, 4- 
monomethylsterols and 4, 4-dimethylsterols . Naturally 

.30 occurring 4-deamethylsterols include sitosterol, 
stigmasteroi, brassicasterol, A7-avenosterol and 
campesterol. The 4,4-dimethyl sterols include cycloartenol 
and 24-methylene cycloartanol and the 4-monomethyl sterols 
include 24-methylene lophenol and 24-ethylidene lophenol. In 

35 most higher plants, sterols with a free 3-hydroxyl group 
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(free sterols) are the major end products. However, sterols 
also occur as conjugates, for example, where the 3-hydro*y 
group is esterified by a fatty acid chain, phenolic acids or 
sugar moieties to give sterol esters. For the purpose of 
5 this description, the term sterol refers both to free 
sterols and conjugated sterols. However, in this 
specification references to levels, amounts or percentages 
of sterol refer to the total weight of sterol groups whereby 
the weight of the conjugating groups such as fatty acid, 
10 phenolic acid or sugar groups is excluded. 

To date, most studies aimed at manipulating sterols in 
plants have involved other than 4-desmethylsterols with the 
purpose of increasing resistance to pests or to fungicides. 



15 



WO 98/45457 describes the modulation of phytosterol 
compositions to confer resistance to insects, nematodes, 
fungi and/or environmental stresses, and/or to improve the 
nutritional value of plants by using a double stranded DNA 
20 molecule comprising a promoter, a DNA sequence encoding a 
first enzyme which binds a first sterol and produces a 
second sterol and a 3' non-translated region which causes 
polyadenylation at the 3' end of the RNA. Preferably the 
enzyme is selected from the group consisting of S-adenosyl- 
25 L-mathionine-A 24t25> -sterol methyl transferase, a C-4 

demethylase, a cycloeucalenol to obtusifoliol-isomerase, a 
14-Ci-demethylase, a A 8 to n 7 - isomerase, a A 7 -C-5-desaturase 
and a 24,25-reductase. The only mention of a C-4 
demethylase is in the context of inhibiting this enzyme in 
order to confer resistance to insects* There is no use 
described of a C-4 demethylase in the context of nutrition. 



30 
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OS 5,306,862 describes a method of increasing sterol 
accumulation in a plant by increasing the copy number of a 
gene encoding a polypeptide having HMG-CoA reductase 
activity to increase the resistance of plants to pests. 
5 Similarly US 5,34 9,126 discloses a process to increase the 
squalen© and sterol accumulation in transgenic plants by 
increasing the amount of a gene encoding a polypeptide 
having HMG-CoA reductase activity to increase the pest 
resistance of transgenic plants. 

10 

Gondet et al in Plant Physiology (1994) 105:509-5X8 has 
isolated a tobacco mutant showing dramatically altered 
sterol compositions in leaf tissue with significant 
increases in the proportion of cyclopropylsterols and HMGR 
15 activities increased by approximately 3-fold. 

Re et al in The Plant Journal (1995) . 7(5), 771-784 have 
.shown that the over-expression of Axabldopsis thallana HMG 

CoA reductase (HMG 1) is not sufficient to alter the bulk 
.20 synthesis and accumulation of end products of the plant 
isoprenoid pathway. 

Xn plants, 24-methylene cycloartanol production from 
cyoloartenol via sterol methyltransf erasel (SMTl) is one of 
25 the steps in isoprenoid biosynthesis. 

Bouvier-Nave et al in Eur, J. Biochem. 256, 88-96 (1988) 
describes two families of sterol methyl transferases (SMTs) , 
The first (SMTl) applying to cyoloartenol and the second 
30 (3MT2) to 24-methylene lophenol. 
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Schaller et al in Plant Physiology (1998) 118: 461-169 
describes the over-expression of SMT2 from Arabidopsis in 
tobacco resulting in a change in the ratio of 24-methyl 
cholesterol to sitosterol in the tobacco leaf. 

Diener at al in The Plant Cell (2000) 12: 853-870 describee 
the functional characterisation of an Arabidopsis SMTl gene 
and show that mutants lacking the gene display poor growth 
and fertility. 



Schaeffer et al in Lipids (2000) 35: 263-269 describe the 
effects of expressing Nicotians tabacvm SMTl and SMT2 genes 
in transgenic tobacco. Over expression of SMTl results in 
variations in the level of cycloartenol and concomitant 
15 changes in the proportion of 24-ethyl sterols. Over 
expression of SMT 2 alters the ratio of 24-methyl 
cholesterol to sitosterol resulting in reduced growth, 

WO 01/31027 discloses the use of non-feedback regulated HMGR 
20 genes in sterol production. 

WO 01/79513 describes the use of SMTl genes in sterol 
production. 

25 A sterol over-producing tobacco mutant has been shown to 

over-accumulate cycloartenol (CA) , 24-methylenecycloartanol 
(24MCA) and 24-ethylidene lophenol (24Bloph> (Maillot- 
Vernier et al. Mol- Biol. Genet. 231: 33-40, 1991). 

30 The conversion of 24MCA to cycloeucalenol is the first of 
three C4 demethylation reactions that take place during 
sterol biosynthesis (Figure 1) . This Involves the removal of 
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the cc-methyl group at the C4 position of the sterol 
backbone* The other demethylation steps, the removal of the 
C4p methyl group, are the conversions of 24-methylene 
lophenol (24Mloph) to episterol and 24Eloph to A7- 
5 avenasterol (Figure 1) . 

In animal and yeast systems the removal of the sterol C4 
methyl groups are well characterised (Faust et al». Biology 
of Cholesterol, ed. Ye&gle, P,L. (CRC, Boca Raton, PL, USA) 

10 p, 19-38, 19S8; Bard et al. r Proc. Natl, Acad- Sci. USA 93: 
186-190, 1996) • The first step in the C4 demethylation of 
4, 4— dimethylzymosterol (4,4-DMZ) in yeast is catalysed by a 
C4 sterol methyl oxidase (ERG25) and Involves the oxidation 
of the C4c* methyl group to give a carboxylic acid. In the 

15 subsequent step the carboxyl group is removed by a C4 

decarboxylase (ERG26) resulting in a keto group at the C3 
position (Gachotte et al., Proc. Natl. Acad. Sci, USA, 96: 
12655-12660, 1999). Finally, a C3~keto reductase (ERG27 ) 
reduces the keto group to give an alcohol group at the C3 

20 position (Gachotte et al., Proc. Natl, Acad. Sci. USA, 96: 

1810 1999) . These catalytic steps are repeated to remove the 
C4(5 methyl group on the sterol backbone. In contrast to 
yeast, the mechanism for removing the two methyl group© at 
the C4 position has yet to be fully elucidated in plants. It 

25 has however been shown that plants have at least two 

distinct microsomal C4 demethylation complexes involved in 
sterol biosynthesis (Pascal et al, J. Biol. Chem. 268: 
11639-11654, 1993) . 

30 WO 02/42477 discloses that expressing genes encoding 

specific HMG-reductase enzymes (HMGR) in combination with 
those encoding sterol methyltransf erasel can advantageously 
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be used to further increase the nutritional value of plants 
especially in the seeds thereof. Specifically, the use of 
non-feedback regulated HMGR in combination with 
overexpression of sterol methyltransf erasel leads to the 
5 further enhancement of nutritionally beneficial sterol for 
example in the seeds of said plants compared to plants where 
only one of the above genes has been expressed. 

It has been found that over-expression of HMGR and- 
10 HMGR/SMT1, according to the technique described above, 

results in the accumulation of not only end-product sterols 
but also certain sterol intermediates. Several of these 
Intermediates are of the C4 di-methyl or mono-methyl type 
ie,g. 24-methylene cycloartanol, 24-methylene lophenol and 
15 24-ethylidene lophenol) . It would therefore be valuable if 
such sterol intermediates could be converted to end product 
sterols (4-desmethyi sterols) . C4 di- or mono-methyl sterol 
is demethylated in a three-step reaction catalysed by three 
separate enzymes <C4-starol methyl oxidase, c4-sterol 
20 decarboxylase and C3-sterol ketoreductase) . 



The present invention aims to modify sterol levels in 
plants, especially the seeds of plants whereby this 
modification can either involve an increase of the level of 
25 <beneficial) sterols or a decrease of the level of (less- 
desired) sterols such as cholesterol. 

The present invention also aims to increase sterol levels in 
plants, whereby the- sterols are preferably nutritionally 
30 attractive 4-desmethylsterols such as sitosterols, 
stigmas terols, brassicasterol, A7-avenosterol or 
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campesterols and whereby the sterols are preferably 
expressed In the seeds. 



It is a further aim of -the present invention to increase the 
5 level of 4-desmethylsterole in plants that are modified 
compared to the corresponding wild type plant by over- 
expression of HMGR and/or SMTl. 



Statement of the invention 

10 

According to the present invention, there is provided a 
method for increasing the level of 4-desmethyl sterols in a 
plant -which comprises increasing the enzymatic demethylation 
of 4-monomethyl and 4,4-dimethyl sterols. 

15 

In another aspect/ the invention relates to a plant having 
increased levels of 4-desmethyl sterols compared to the wild 
type plant in which the levels are increased according to 
the method of the invention. Also provided by the invention 
20 in another aspect is plant material obtainable from the 
plant of the invention. 



A further aspect of the invention is a method of 
transforming a plant which comprises: 

25 

(a) transforming a plant cell with a recombinant DMA 
construct comprising a DNA segment encoding a 
polypeptide with C4SM0 activity and a promoter for 
driving expression of said polypeptide in said plant 

30 cell, to form a transformed plant cell? 

(b) regenerating the transformed plant cell into a 
transgenic plant; and 
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(c) selecting transgenic plants that have enhanced 
levels of 4-desroethyl sterols compared to wild type 
strains of the same plant. 

5 

toother aspect of the invention is a process for producing 
an oil comprising a 4-desmethyl sterol which comprises 
extracting sterols from a plant of the invention. 

10 In a further aspect, the invention provides a product 

comprising an oil produced by a process according to the 
invention. 

A yet further aspect of the invention is the use of a gene 
15 expressing a C49M0 to increase the level of sterols in a 
plant . 

Detailed desojeiptiOja of the invention 

20 Isoprenoids are a large family of compounds which are 

present in higher plants and which have diverse roles. They 
include sterols, the plant hormones gibberellins and 
abscislc acid, components of photosynthetic pigments, 
phytoalexins and a variety of other specialised terpenoids. 

25 

Sterols, especially 4-desmethylsterols are of interest 
because they contribute to the nutritional quality, flavour 
and colour of fruits and vegetable oils. Of particular 
interest are compounds of nutritional benefit such as fat- 
30 soluble sterols. These may be efficacious in reducing 

coronary heart disease, for example, some phytosterols have 
been shown to lower serum cholesterol levels when increased 
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in the diet and vitamin E reduces atherosclerotic plaques 
via decreased oxidation of LDL. 

Expression of such compounds in plant Sfceds, in particular 
5 in oilseeds, is commercially advantageous as generally the 
harvesting of audi ingredients from seeds is very convenient 
and, in some instances, it may be possible to extract the 
oil in combination with the sterols from tha seed, leading 
to an oil containing elevated levels of sterol without, or 
10 with the reduced need for, separate addition of sterols in 
order to obtain a nutritional benefit. 

Preferred sterols are 4-desmethylsterols and their mixtures, 
most preferred are betasitosterol* sitostanol, stigmasterol, 

15 braasicaaterol, campeetanbl, iaofucosterol, campesterol, 
episterol and even more preferred sterols are sitosterol, 
stigmasterol, brassicasterol, avenosterol and campesteral. 
Also preferably, at least part of the sterols, for eauugpJ e 
at least 70 wt% based on the total weight of the sterols in 

20 the seed are esters of sterols with C10-24 fatty acids. 

As discussed above, several approaches have been suggested 
to alter levels of isoprenoids in plants. 

25 It has now been found that the level of 4-desmethyl sterols 
in plants can be increased by increasing the enzymatic 
demethylation of 4-monomethyl and 4, 4-dimethyl sterols, - Tt 
has not previously been recognised that the demethylation of 
4-monomethyl and 4 , 4-dimethyl sterols can be a limiting step 

30 in the synthesis of the latter compounds and that other 

methods of increasing the production of 4-desmethyl sterols 
can therefore result in the build up of intermediate 4- 
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monomethyl and 4,4-dimethyl sterols rather than the desired 
4-desmethyl sterols* 

Increasing the enzymatic demethylation of 4-monomethyl end 
5 4,4-dimethyl sterols in the invention can be carried out by 
treatment and/or modification of the plant in a number of 
ways that result in increased demethylation compared to 
plants not so treated and/or modified. The method may 
involve, for example, an increase in the expression and/or 
10 activity of the homologous enzyme responsible for the 

demethylation and/or the expression of an heterologous gene 
encoding a demethylase enzyme. 

preferably, the enzymatic demethylation is increased by 
15 increasing the activity of sterol methyl oxidase (C4SM0) 
in the plant, it is particularly preferred that the 
activity of C4SMO in the plant is increased by increased 
expression of a gene coding for C4SMO. 



20 



The term C4SM0 and related terms, as used herein, refers to 
any polypeptide, including enzymes, fragments or variants of 
the enzymes (eg, allelic variants or mutants obtainable by 
insertion, deletion or substitution of one or more (eg, 1 to 
5 J amino acid residues) , or precursors for the enzymes, in 
25 which the polypeptide has C-4 sterol methyl oxidase 
activity. The determination of whether a polypeptide 
exhibits C-4 sterol methyl oxidase activity can be readily 
carried out by the skilled person. 



30 



If the method of the invention involves increased expression 
of a C4SMO gene which is naturally present in the plant (ie, 
a homologous gene), the parameters and other factors 
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controlling expression are then altered such that increased 
expression of C4SMO, preferably in the seed region of the 
plant, will take place* For example, a suitable method 
involves the upregulation of facilitating molecules r such as 
5 transcription factors. Alternatively or additionally, a 
specific promoter can toe inserted into the plant genome to 
ensure that the C4SMO gene is upregulated- A further 
example of a suitable method involves increasing the copy 
number of the "homologous" C4SMO gene to increase the 
10 expression thereof. 

Alternatively, the C4SM0 gene can he a heterologous gene, 
for example derived from other plant, animal or microbial 
sources. For example, the C4SMO gene may be derived from 

IS Ara-bidopsis, tobacco or yeast. The gene coding for C4SM0 ie 
preferably derived from Arabldopsis such as, for example, 
Arabidopsis thaXlana. . DNA segments encoding C4SM0 for use 
according to the present invention may suitably be obtained 
from animals, microbial sources or plants. Alternatively, 

20 equivalent genes could be isolated from gene libraries, for 
example by hybridisation techniques with DNA probes. An 
example of C4SM0 and the gene coding for C4SMO is given in 
Figure 2. 



25 The gene sequences coding for C4SM0 will be operably linked 
(that is, positioned to ensure the functioning of) to one or 
more suitable promoters which allow the DNA to be 
transcribed- Suitable promoters, which may be homologous or 
heterologous to the gene, useful for expression in plants are 

30 well known in art, as described, for example, in Weising et 
al, (1988), Ann, Rev. Genetics, 22, 421-477). Promoters for 
use according to the invention may be inducible, constitutive 



T7085FF 12 

or tissue-specific or have various combinations of such 
characteristics. Useful promoters include, but are not 
limited to constitutive promoters such as carnation etched 
ring virus (CERV) , cauliflower mosaic virus (CaMV) 35S 
5 promoter, or more particularly the double enhanced 

cauliflower mosaic virus promoter, comprising two CaMV 35S 
promoters in tandem (referred to as a "Double 35S" promoter) . 

It may be desirable to use a tissue-specific or 
10 developmental^ regulated promoter instead of a constitutive 
promoter in certain circumstances. A tissue-specific promoter 
allows for overexpression in certain tissues without 
affecting expression in other tissues. By way of 
illustration, a preferred promoter used in overexpression of 
15 enzymes in seed tissue is an AC* promoter as described in WO 
92/18634. 

The promoter and termination regulatory regions will be 
functional in the host plant cell and may be heterologous 
20 (that is, not naturally occurring) or homologous (derived 

from the plant host species) to the plant cell and the gene. 
Suitable promoters which may be used are described above. 

The termination regulatory region may be derived from the 3' 
25 region of the gene from which the promoter was obtained or 
from another gene. Suitable termination regions which may be 
used are well known in the art and include Agrobacterium 
tumefaciens nopaline synthase terminator (Tnos), 
Agrobacterium tume faciens mannopine synthase terminator 
30 (Tmas) and the CaMV 355 terminator (T35S) . Particularly 
preferred termination regions for use according to the 
invention include the pea ribulose bisphosphate carbonylase 
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small subunit termination region (TrbcS) or the Tnoa 
termination region. 



Such gene constructs may suitably be screened for activity by 
transformation into a host plant via Agrobaaterium and 
screening for increased 4-desmethyl sterol levels. 



Suitably, the nucleotide sequences for the genes may be 
extracted from the Genbank nucleotide database and searched 
10 for restriction enzymes that do not cut. These restriction 

sites may be added to the genes by conventional methods such 
as incorporating these sites in PCR primers or by sub- 
cloning. 

15 Preferably the DNA construct which may be used in the 

Invention is comprised within a vector, most suitably an 
expression vector adapted for expression in an appropriate 
host (plant) cell. It will be appreciated that any vector 
which is capable of producing a plant comprising the 

20 introduced DNA sequence will be sufficient. 

Suitable vectors are well known to those skilled in the art 
and are described in general technical references such as 
Pouwels et al, Cloning Vectors, A laboratory manual, 
25 Elsevier, Amsterdam (1986). Particularly suitable vectors 
include the Ti plasmid vectors. 

Transformation techniques for introducing the DNA constructs 
according to the invention into host cells are well known in 
30 the art and include such methods as Agrobacterium-mediated 
transfer, micro- inject ion, using polyethylene glycol, 
eleetroporation, Or high velocity ballistic penetration. 
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After transformation o£ the plant cells or plant, those plant 
cells or plants into which the desired DNR has been 
incorporated may be selected by such methods as antibiotic 
5 resistance, herbicide resistance , tolerance to amino-acid 



Various assays may be used to determine whether the plant 
cell shows an increase in gene expression, for example, 

10 Northern blotting or quantitative reverse transcriptase PGR 

<RfT-PCR) • Whole transgenic plants may be regenerated from the 
transformed cell by conventional methods. Such transgenic 
plants having improved isoprenoid levels may be propagated 
and self -pollinated to produce homozygous lines . Such plants 

15 produce seeds containing the genes for the introduced trait, 
and can be grown to produce plants that will produce the 
selected phenotype. 

Preferably, the levels of 4-monomethyl sterols and 4,4- 
20 dimethyl sterols in the plant are reduced* Thus, the 

proportion of 4-desmethyl sterols relative to 4-monomethyl 
and 4 , 4-dimethyl sterols is preferably increased In the 
method of the invent i on , compared to plants not having 
increased enzymatic demethylation. 

25 

Preferably the level of 4-desmethyl sterols, for example in 
the seeds of the plants, is at least 5wt% more than the 
level in corresponding plants without increased enzymatic 
demethylation based on the total weight of sterols, more 
30 preferably more than 7wt% more. The level of 4-monomethyl 
sterols, for example in the seeds of the plants, is 
preferably less than 75 wt% of the level in corresponding 
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plants without Increased enzymatic demethylation based on 
the total wsight of sterols, more preferably less than 50 
wt%. The total level of 4-desmethyl sterols in the seeds of 
the plants is preferably at least BO wt%, more preferably at 
5 least 85 wt% based on the total freight of sterols. 

The levels of sterol intermediates in the plants, for 
example in the seeds or leaves of the plants can be altered 
compared to wild type plants. The weight ratio of 
10 cycloartenol (CA) to 24-mBthylBnecycloartanal (24MCA) in 
plants of the invention, for example in the leaves, is 
preferably at least 3:1, more preferably at least 4rl, even 
more preferably at least 5;1, most preferably in the range 
6:1 to 20:1. 

15 

The invention also contemplates seeds obtained from plants 
having increased en2yma]tic demethylation of 4-mOnomethyl and 
4,4-dimethyl sterols. Especially preferred oilseeds are 
tobacco seeds, canola seeds, rape seed, sunflower seeds and*. 
20 soybean seeds. Any suitable method can be used to extract 
oil from these seeds* 

The plant of the invention is preferably tobacco , canola r 
sunflower, rape or soy* 

25 

The method of the invention is preferably used for the 
enhancement of 4-desmethyl sterol levels in plants in which 
the plant has been modified to increase the production of 4- 
monomethyl and/or 4,4-dimethyl sterols compared to the wild 
30 type plant. For example, the plant may have increased HMGR 
activity compared to the wild type plant. Alternatively or 
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additionally to increased HMGR activity, the plant may have 
inoreased SMT1 activity compared to the wild type plant. 

For instance, the plant may have bean modified so as to 
5 incorporate a non-feedback inhibited HMGR gene in 

combination with sterol methyitransf srasal. The use of *»«h 
a combination of genes, together with the method of the 
invention, is especially advantageous to enhance the levels 
of 4-desmethylsterols, since the proportion in the end 
10 product of intermediate compounds relative to the desired 4- 
desmethyl sterols can be reduced. 

The non-feedback inhibited HMG reductase may be an enzyme 
which is expressed by a truncated non-plant HMGR gene, said 
15 truncation preferably leading to an enzyme lacking the 

membrane binding domain, but whereby the HMGR functionality 
of the gene is preferably maintained. Examples of such genes 
are the truncated hamster or yeast HMGR genes. 

20 A second example of a non-feedback inhibited HMG reductase 
is an enzyme expressed by HMGR genes from high isoprenoid 
producing plants such as Jievea brasiliensis. Especially 
preferred are truncated versions of HMGR produced by genes 
from high isoprenoid producing plants such as Haves 

25 brasiliensis, most preferred truncated versions are used 
whereby said HMGR lacks the membrane binding domain. 

The intact HMGR enzyme comprises three regions: a catalytic 
region, containing the active site of the enzyme, a membrane 
30 binding region, anchoring the enzyme to the endoplasmic 
reticulum and a linker region joining the catalytic and 
membrane binding regions of the enzyme. The membrane-binding 
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domain occupies the N-terminaL region of the enzyme, whereas 
the catalytic region occupies the C- terminal region- It is 
believed that feedback inhibition in most plants generally 
requires the presence of the membrane-binding region of the 
5 enzyme. Therefore it is preferred to use an HMGR gene 
expressing an enzyme with an inactivated or without a 
membrane binding domain, whereby said gene is preferably 
used to increase the level of 4-desmethylsterols in plant 
tissue such as the seeds of plants. 

10 

Suitable truncated HMGR genes are described in WO 01/31027, 
the contents of which are incorporated by reference herein * 

Preferably the HMGR gene is isolated from Hevea 
15 brasillensls . Especially preferably truncated versions of 
such plant genes may be used. A specific promoter can be 
inserted into the plant genome to ensure that- the HMGR gene 
is upregulated, preferably within the seed tissue of the 
plant • 

20 

The plants may have been modified so as to have Increased 
SMTl activity. Plants having increased SMT1 activity are 
disclosed in WO 01/79513, the contents of which are 
Incorporated by reference herein. 

25 

Suitably the SMTl gene can be naturally present in the 
plant. The circumstances are then altered such that 
increased expression of SMTl, preferably in the seed region 
of the plant will take place- Possible ways to do this may 
30 be to upregulate facilitating molecules e.g. such as 

transcription factors. Alternatively, a specific promoter 
can be inserted into the plant genome to ensure that the 
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SMT1 gene is upregulated. Alternatively, the copy number of 
the "homologous" SMT1 gene may be increased to increase the 
expression thereof. 

5 Alternatively , the SMT1 gene can be a heterologous gene, for 
example derived from other plant or microbial sources. For 
example, the SMTl gene .may be derived from Arabidopsis, 
tobacco or yeast. 

10 The plants may be modified to have increased HMGR activity 
and increased SMTl activity. For example, WO 02/42477, the 
contents of which are incorporated herein by reference, 
discloses plants expressing genes encoding specific HMG- 
reductase enzymes (HMGR) in combination with those encoding 1 

15 sterol methyltransferasel 

Cholesterol is a less desired component of food products 
because consumers have a desire to reduce their cholesterol 
consumption. It is believed that reduced serum cholesterol 
20 levels lead to a reduced risk of cardiovascular disease . 

Therefore, the invention preferably results in a reduction 
of the cholesterol level in plant tissue, especially the 
seeds of plants, in particular oilseeds containing more than 
10 wt% based on dry weight of triacylglycerols- 

25 

Plants of the invention have increased levels of 4-desmethyl 
sterols compared to the wild type plant. Preferably, the 
plants have an increased proportion of 4-desmethyl sterols 
relative to 4-monomethyl and 4,4-dimethyl sterols compared 
30 to the wild type plant. More preferably, the increased 

levels and proportions are in the leaves and/or the seeds, 
particularly the seeds „ 
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The process for producing an oil according to the invention 
comprises extracting sterols from a plant according to the 
invention. Methods for extracting oils from plants are vjell 
5 known to those skilled in the art. Preferably, the oil is 
extracted from the seeds of the plant. The seeds are 
typically obtained by cultivating the plant for one or more 
generations and harvesting the seeds. 

10 The oil may comprise , in addition to sterols, other 

compounds that are typically present in the plant, such as 
triglycerides „ Alternatively, the oil may be subjected to 
one or more purification steps in order to increase the 
amount of sterols, and particularly 4-desmethyl sterols, in 

15 -the oil* 

Plant material obtainable from. a plant of the invention may 
take the form of any part of the plant, including roots, 
leaves, stems and seeds. Preferably, the plant material is 
20 a leaf or seed, more preferably a seed. The plant material 
may be the leaves or seeds as obtained directly from the 
plant or may have undergone one or more further processing 
steps such as, for example one or more of washing, drying, 
milling, grinding and heat, treating, 

25 

The product comprising an oil of the invention may be 
suitable for use in one or more of a number of different 
applications • For example, the product may be a food 
product, an oil for use in food preparation, a lubricating 
30 oil, a fuel oil or a feedstock for use in the production of 
hydrocarbons. The product may comprise additives suitable 
for the intended application of the product eg, food 
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preservatives and/or stabilisers when the product is a food 
product. The product way comprise the oil as a single phase 
or the oil can be dispersed, suspended or emulsified in 
another liquid eg, as a water-in-oil or oil-in-water 
5 emulsion. 

The invention will now further be illustrated in the 
following non-limiting examples. In the examples and 
throughout this specification, all references to percentages 
10 are percentages by weight based on total weight unless 
indicated otherwise. 

The examples refer to the accompanying drawings in which: 

15 Figure 1 shows the sterol biosynthesis pathway post 

cycloartenol highlighting c4-demethylation steps. Solid 
lines indicate a single, and the dashed lines more than one, 
catalytic conversion. 

20 Figure 2 shows the putative open reading frame of AtC4SM0 

and the corresponding translated protein. The histidine rich 
motives are underlined. 

Figure 3 shows real time PCR analysis of the AtC4SMO 
25 transcription levels in leaf tissue of representatively 
selected NH65 lines. 

Figure 4 shows the CA : 24MCA, CA : 24Mloph and CA : 24Eloph 
ratios in mature seed of selected NH6S lines. The error bars 
30 correspond to the standard deviation. 
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Figure 5 shows the real time PCR analysis of the AtC43MO 
transcription levels in leaf tissue of NH65 and MH7xNH65 
lines . 

5 Figure 6A shows the CA/24MCA, CA/24Mloph and CA/24Eloph 
ratios in mature leaf tissue of selected MH7xNHS5 lines. 
Figure 6B shows the CA/24MCA, CA/24Mloph and CA/24Eloph 
ratios in mature seed tissue of selected MH7xNH65 lines- The 
error bars correspond to the standard deviation 

10 

E^caittplea 

Experi mental procjedores 

• 15 

Strains and plasmida 

E. coli strain DH5« (Gibco BRIO was used as the host strain- 
in all cloning procedures. E. coli were cultivated in LB 
medium (10 g/L tryptone f 5g/L yeast extract, 5 g/L NaCl) 
20 supplemented with the appropriate selection pressure 

(ampicillin 100 ug/mli or kanamycin 50 }iq/itib) on a rotary 
shaker {210 rpni) at 37°C. 

PCR cloning vector pGEM-r easy was obtained from Promega. 
25 Binary vector pSJ35 was created by filling in the BamHl 
restriction site o£ the pGPTV-HYG with the Klenow enzyme 
{Becker et al.. Plant Mol. Biol. 20, 1195-1197, 1992). 
Plasmid pNH2 r harbouring the carnation etched ring virus 
(CERV) promoter and the n opaline synthase (NOS) terminator r 
30 has previously been described in WO 01/31027 (see Example 
4). 
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Enzymes and dhemioals 

Restriction endonucleases, T4 DNA ligase, molecular markers 
(X, XIV and XVII) and Taq DNA polymerase were purchased from 
Roche. Pfu DNA polymerase was obtained from Stratagene. The 
5 enzymes were used according to the suppliers' 

recommendations. Biochemicais were purchased from Sigma 
Chemical Co. All chemicals and reagents used were of 
analytical grade and available from either Fisher Scientific 
OK or BDH. 

10 

Plant material 

Tobacco SRI (Petite Havana) was grown in either MS-medictm or 
a compost/perlite mixture (2:1) (Murashige and Skoog, 
Physiol Plant 15, 473-497, 1962) . The temperature in the 
15 growth rooms was kept at 22*C, and a day /night cycle of 16h / 
8h was used. The light intensity was 40 pmol m~ z s J *. 



20 



Oligonucleotide synthesis 

All oligonucleotides were synthesised and they are compiled 
in Table 1- 



T7085FF 



oa u9qt3Ub£»U P. 31/67 



-23- 



Tahle 1. Oligonucleotide primers (given 5' to 3' direction) 
Primes Sequence ~~~ ™~~ ™~ — — — - 



CERVIS 

C4S01 

C4S02 

ClC4S02 a - b 

dC4SQ& 

cIC4S0pl* 

clOfSOp? 

C4S03 

C4S04 

NosAs 

RoRidT17 

m 

M13/pUC 

Forward 

M13/pVC 

Reverse 

TaqAl 

TaqA2 

TaqOtSl 

TaqC4S2 



gtctgt ctaaag taaagtagatgc g 
tacctt gttacg cm tic a 
tagggc ctt aag ttttct gt 

c ccaagcjtc aaa ATG ATG CAG TAC CTT GTTACG 

gg aatT CA GGTTTC TIT TAG GGC CTT AAG TTT TCT G 

cc cacATGtTG CAG TAC CTT GTTACG 

c tea tagagcTCA GGTTTC TTT TAG GGC CTT AAG 

act gga tgg atg gtg tea a 

agt ggg atttat gtattgttgttg 

ccg gca aca gga ttcaat ctt 

aag gm ccg teg aca teg ata ata cga etc act ata ggg cat m ttt ttt ttt ttt 
ttt 

gga aac age tat gac cat gat tac 
ttt ccc agt cac gac gtt gt 

gta aaa cga egg ecu gt 

tgc tga gcg at ccg ttg 
ccg gca get tec att cc 
gtg cac agt gtg cat cat gag t 

ttc age ggg atg age ata ac 



a, Introducing a Jiizidlll (underlined), b,. introducing a 
yeast translation iaitiatipn context (italics) . c r 
Introducing an ScoRI site (underlined) . d, AflHI 
(underlined) . e, SacX, (underlined) . 
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Cloning £ *cb» Arafcidopsis ttha liana 
The primary sequence of the ERG25 protein from yeast was 
used as the query sequence in a BLAST search of all non- 
5 redundant proteins in the Arabidopsis database (located at 
Stanford). This approach rendered a putative Arabidopsis 
thall&na C4SM0 with the accession number At2g29390. 

Messenger RNA from 12 day old Arabidopsis chaliana (eco-type 
10 Columbia) seedlings was iaolated using the Pharmacia 
QuiokPrep micro mRNA purification kit according to the 
supplier's recommendations. The mRNA was isolated based on 
affinity to oligo(dT) coated cellulose. First strand DNA was 
synthesised by mixing Poly-A RNA (1 pg) with primer RoRidT17 
15 (10 pmol) in 11.34 pL DEPC treated water. The mixture was 

incubated at 70«C for 10 min and thereafter placed in wet ice 
for 2 min. First strand buffer (IX), DTT (O.lpmol), RNAsin 
(22 U) / dNTP (20 nmol) and Superscript (200 0) was added to 
give a final volume of 20 pi. The mix was incubated at 37°C 
20 for 60 min to give a pool of Axahldopais oDNA. 

The putative AtC4SM0 gene was amplified from a pool of 
Arabidopala cDNA or genomic DNA using PCR and gene specific 
primers C4S01 and C4S02 (Table 1) . The following 

25 amplification program was used: 1 cycle 94°C (2 min), 5 

cycles 94°C (30 s) , 40°C (30 s) , 72°C (2 min) r 30 cycles 94°C 
(30 S), 40°C (30 s), 72°C (90 s) and 1 cycle 72°C (7 min), 4°C 
(Hold) . Proof reading enzyme Pfu Turbo DNA polymerase was 
used to minimise the number of errors introduced. The 

30 amplified fragments (from oDNA or genomic DNA) were cloned 

into PCR product cloning vector pGEM-T Easy according to the 
supplier's instructions ( Pr omega ) . Clones containing either 
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putative AtC4Sf«? CDHA or genomic AtC4SMO fragments were 
selected and sequenced using primers Ml3/pUC universal 
forward and reverse primers, and C4S01 and C4S02. 



5 Plant expression vectors 

AtC4SMO was aroplif ied by PCR using primer pair clC4SOpl / 
clC4sop2 to introduce restriction enzyme sites Afllll end 
Sad in t±Le 5 f and 3' end o£ the gene, respectively, The 
amplification reaction was performed under standard 

10 conditions using the proof reading enzyme *fu turbo DNA 

polymerase to minimise errors. The resulting amplification 
product was purified, digested by Afllll and Saal and 
inserted into pHH2, downstream of the constitutive carnation 
etched ring virus (CERVJ promoter and upstream of the 

15 nopaline synthase (NOS) terminator, yielding pNH64. The 
expression cassette from pNH64. was excised by digestion 
(Hindi!! and EcoRI) and inserted into the corresponding 
sites in pSJ35 giving pNH65. Vector pMH64 was sequenced 
using primers CERV1S, clC4$Opl, clC4Sp2, and KosAs, and 

20 pNH65 was sequenced using primers CBRV1S and NosAs to 
confirm their authenticity. 



Sequencing 

All plasmid DNA used for sequencing was purified using the 
25 Qiagen mini spin kit. Sequencing was performed with 
fluorescent ly labelled nucleotides using the ABI 377 
sequencer. 



Plant transformation 

30 Binary vectors were transformed via electroporation into A. 
tmnefacieu^ LBA4404 (Shen and Forde, Nucl. Acids Res. 17, 
8385, 1989) . Nicotiana tabacum cv. SRl was transformed via 
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the leaf disc method as described by An et al. Plant 
Physiol. 88: 547-552 (19BB) . Transgene containing plants 
were selected by PGR using primer pair CERVlS/NoaAs. These 
plants were transferred into 3011. 

5 

Total RMA was isolated from young (7 to 8 leaf stage) WH65 
and SRI plants using the RNaqueous kit according to the 
supplier's instructions {Ambion, Austin r USA) ♦ The total KNA 

10 was treated with DBase to remove any contamination of 

genomic DNA and subsequently converted into cDNA using the 
3' -RACE System from Gibco-BRI> • ILif e Technologies Ltd- , OK) . 
Taqman primer pairs directed .against. AtC4SMO (TaqC4Sl and 
TaqC4S2> and tobacco tao9 act in (TaqAl and TaqA2) genes were 

15 designed using the Primer Express software- These primer 
pairs were used together' with Sybr Green (Applied 
Biosystems, USA) in Taqman PCR reactions to detect 
transcript levels of AtC4SMO and tacS in transgenic and 
control samples. The AtC4SMO transcript level in the 

20 transgenic tobacco was calculated in relation to the 

transcript levels in SHI tobacco according to the manual 
supplied by Applied Biosystems- 



Sterol analysis 

25 Mature leaf and seed tissues were freeze-dried and extracted 
in chloroform / methanol 2sl(v/v) at 80°C. After filtration 
and removal of solvent, the lipid residue was dissolved in 
toluene followed by sodium methoxide to a concentration of 
0.33M. The mixture was heated for 30 min at 80 °C followed by 

30 a further 10 min at 80*C in the presence of 5,6% (w/v) boron 
trifluoride. Following diethyl ether ^attraction and washing 
with water, the ether was evaporated and the free sterols 
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were silylated by addition of trimethylchlorosilane / M, O- 
bis (trimethylsilyl) acetamide (5s 95) and heating for 10 
minutes at 50 °C 4 GC analysis was carried out using a Parkin 
Elmer 8420 GC equipped with a BPX5 column. The temperature 
5 programme was 80-230 °C at 45°C / minute, followed by 230- 
280°C at 4°C / minute and 355 °C for 6 minutes- Peak areas 
were calculated automatically using Turbochrom software* 
Identity of sterols was confirmed by GC-MS, using a Hewlett 
Packard 5890 GC coupled to a Quadrapole 5972A MSD. 

10 * 

Exampla 1 

» 

Cloning C4SMO from ArabidQpa±s 

The primary sequence of C4SM0 from yeast (ERG25) was used as 

15 a probe to search the Arabidopsla th&liajia proteome to 

identify homologous proteins. A putative C4SMO (At2g29390) 
was found which exhibited 37%. identity with ERG25. PGR 
primers were designed to amplify the corresponding AtC4S&0 
gene from pools of Arabldop&ia cDNAs or genomic DNA, The 

20 cDNA clone comprised a 762 bp open reading frajne (ORF) , 
which encoded a 253 amino acid protein (Figure 2) . The 
predicted molecular weight of AtC4SM0 was 29-5-kDa. This is 
similar not only to the ERG25 protein (36.5-kDa) but also to 
the 29-kDa C4SM0 purified from rat liver microsomes (Maitra 

25 et al. /Biochenu Bipphys. Res. Commun* 108t 517-525, 1982). 

The primary sequence of AtC4SM0 contains four histidine-rich 
motifs (H i3 *RILH, H 152 SVHH, H 210 CGYH, H 232 0YHH) r indicative of 
iron non-heme enzymes (Shanklin et al, Biochem. 33: 12787- 
127 94 r 1994) . It has previously been shown that ERG25 

30 belongs to the same class of - enzymes (Bard et al.# Proc* 
Natl- Acad. Sci. USA 93: 186-190, 1996) f which further 
supports the conclusion that AtC4SM0 is a plant homologue of 
ERG25* 
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The genomic sequence was aligned with the putative AtC^SMO 
ORF revealing * splicing-pattern, which comprised 6 exons 
and 5 introns. The primary sequence of AtC4SMO was analysed 
5 for the presence of a signal peptide and transmembrane . 

^^pw^-s^o ***** v^^* CAGD?eb software package (Genetic 

spanning ciwiuw***^ **•*-»-*-•••■ »rw«ir«v«- — — — ~ * * — 

Computer Group Inc) • AtC4SM0 was shown to have a possible 

amino-terminal signal peptide, which may direct 

translocation o£ the polypeptide to the endoplasmic 

10 reticulum (Eft) - However, the carboxy-terminua does not 

contain the characteristic KDfcL motif required for retention 
in the £R lumen. An unequivocal cleavage site could not be 
identified but three likely transmembrane spanning domains 
were identified using hydrophobicity plots (amino acids 64- 

15 86, 99-121, 154-176) . Together, these predictions suggest 
that AtC4SM0 is an integral membrane protein located to the 
ER membrane. This is consistent with the localisation of 
other enzymes involved in sterol biosynthesis, such as HMGR 
{Bach et al., Crit, Rev. Biochem. Hoi. Biol/ 34: 107-122, 

20 1999) . 

Overexpresaioa of AtC4SMO in wild type tobacco 

AtC4SMO was placed under contrpl o£ the constitutive 
carnation etched ring virus <CERV) promoter upstream of the 

25 nopalin© synthase (NOS) terminator, giving binary vector 
pNH65. Wild type tobacco was transformed with this vector 
using the leaf disc method and transf ormants selected on 
hygromycin (2Smg / 10 * Thirty transgenic plants were 
selected by PCR. The transcription of AtC4SMO in selected 

30 transgenic lines was analysed using real time PCR- As shown 
in Figure 3 all TSH65 lines analysed exhibited elevated 
AtC4SMO expression. The highest expressing line, HH65:16, 
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diaplayed transcript levels that were 23-fold higher than 
the average of the wild type controls. 

The sterol content in leaf and seed tissue of the NH65 lines 
5 was analysed • In order to assess the effect of AtC4SMO 

expression,, the ratio of cyloartenol (CA) to 2 4 -methylene 
cycloartanol (24MCA) , 2 4 -methylene lophenol (24Mloph) or 24- 
ethlidene lophenol (24Eloph} was calculated* Sterol 
accumulation in leaf is highly dependent on the age of the 

10 tissue (Chappell et al, Plant Physiol. 109, 1337-1343, 1995; 
Schaller et al, Plant Physiol. 118: 461-469, 1995), which is 
clearly reflected in the varying amount of total sterol 
found in maturing tobacco leaves but calculation of ratios 
overcomes this issue. Furthermore, since CA is the first 

15 sterol-intermediate, the amount of CA reflects the flux of 

carbon partitioned into sterol biosynthesis. The ratio of CA 
to 24MCA, 24Mloph or 24Eloph will hence increase if the 
relative level© of any of the C4SMO substrates have been 
reduced „ 

20 

The levels of CA, 24MCA, 24Eloph and total sterol were 
measured in leaf tissue of five independent SRI and three 
NH65 lines (Table 2) . 
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10 



15 



20 



25 





24MGA 


2dEloptL 


Total 
sterols 


CA 3 24HLCA 


CA I 


0,0110° 


0.0042 


O.0Q37 


0,1050 


2.619 


2.973 


CO.Q064) 


(0.0018) 


(0.00017) 


(O.034) 


(0.511) 


(1.709) 


0.0113 


0-0011 


n.cl. c 


0.2570 


10.273 d 


11.300 


0,0094 


0.0021 




0.2170 


4.476 


9.400 


0.0098 


n.d 


n.d. 


0.2610 


9.800 


9. BOO 



TaUle 2. levels of cycloartenoi (CA) , 24-methyl cyclaartaaal (24MCA) , 
24-elhylldene laphenol <24Blopb) and total atexola In wild type and 
&tC4SMO expressing tobacco leaves 

(Rtdev) 
NH65:7 

MH€5:16 

a f The average and standard deviation is calculated based on 
five independent SRI plants, b, % of dry weight, c, The 
detection limit is <0.001 % of dry weight, d. The ratios of 
CA : 24MCA and CA : 24Eloph are calculated using a value of 
0.001% of dry weight. 

The levels of 24Mloph were below the detection limit 
(<:0.001% of dry weight) and were therefore excluded. The 
three NH65 lines were chosen on the basis of high AtC4SMO 
transcript levels (Figure 3} . The absolute amount of 24MCA 
was reduced in all NH65 lines analysed (Table 2) . The CA : 
2 4 MCA ratio of the NH65 lines spanned between 4.5 (NH65:1B) 
and 10,3 (NH65:7), which is considerably higher than the 
wild type (SRI) value (2.6). This suggests that the putative 
AtC4SM0 is able to convert 24MCA into downstream products. 
The absolute amount of 24Bloph was undetectable (<0.001% of 
dry weight) in the leaf tissue of all three NH6S lines 
whereas the average value of the wild type controls was 
0.0037% Of dry weight (Table 2). The detection limit, 0.001% 
of dry weight, was used to estimate the CA -. 24Eloph ratio 
when 24Eloph was undetectable. The ratio of CA : 24Eloph was 
dramatically increased in the NH65 lines (up to 11.3) 
compared to the Wild type control (2.9) (Table 2). This 
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demonst rated that AtC4SM0 can also catalyse the conversion 
of 24Eloph into downstream sterol products. 

The sterol compositions of seed tissue of ten independent 
5 MH65 lines were also analysed. As shown in Table 3 the 

levels of 24MCA and 24Eloph were significantly reduced in 
all ten NH65 lines, whilst the level of 24Mloph was not 
significantly altered* Calculating the ratios of CA : C4SMO 
substrate also reflected these changes. The CA : 24MCA ratio 
10 was more than doubled in the top five NHS5 lines and the CA 
: 24Elcph ratio was up to 4-fold higher in the top NH65 line 
compared to the wild type tobacco (Figure 4} • However , the 
CA : 24Mloph ratio remained unchanged in the HH65 lines 
compared to the control. 
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Table 3 Levels of cycloartenol (CR), 24-methyl cycloartanol 
(24MCA), 24-methylene lophenol (24Mloph) , 24-ethylidene 
lophenol (24Eloph) and total sterols in wild type and 



*tC4SMO expressing 


tobacco 


seed 






Line 


CA 




















mm % Mill 1 « 


SRI* 


0.0398^ 


0.0038 


0-0072 


0.0379 


0. 4 14 


(Stdev) 


(0.00059) 


(0.00026) 


(0.0022) 


(0.015) 


(0. 022) 


48 


n Ann 
0 - 0377 


0.0018 


0-O072 


0.0143 


0 1 


NH65:1B 


0-051 


0.0023 


rt Arid? 




0 456 


WH65 : 27 


0.0510 


0.0023 


0.0093 


0*0170 


0.449 


NH65; 33 


0.0483 


0.0023 


O.O0B6 


0,0176 


0.475 


NH65:41 


0.0300 


0.0023 


0.0073 


0.0181 


0.389 


HH65:36 


0.0374 


0.00*4 


0.0084 


0.0183 


0.452 


*JH65i7 


0.0419 


0,0020 


0.0088 


0.0251 


0.470 


Nfl65il0 


0.0337 


0.0022 


0*0079 


0.0251 


0.405 


NE65:42 


0.0310 


0,0023 


o.ooei 


0*0265 


0.426 


NK65-.16 


0.0385 


0.0025 


' 0.0086 


0.0284 


0.432 



5 

a, The average and standard deviation is calculated baaed on 
five independent SRI plants, b, % of dry weight. 



In seed AtC4SMO preferentially catalyses conversion of 24MCA 
10 and 24Eloph with 24Mloph levels being unchanged. In leaf 

AtC4SMO also catalyses conversion of 24MCA and 24Eloph into 
downstream sterols r but since 24Mloph is not present in 
detectable levels in this tissue it was not possible to 
determine if conversion of 24Mloph occurs. 

15 

Altered distribution of 4 , 4-dimethyl- , 4-mon.o- and 4- 
desmefchyl sterols in tobacco seed over-expressing C4SMO 

the relative distributions of the mast abundant di-, mono- 
and des-methyl sterols in seed tissue were calculated for 
20 wild type (SRI and SJ35) and NH65 lines. The 4,4-dlmethyl 
sterols include cycloartenol and 24-methylene cycloartanol, 
the 4-monomethyl sterols include 24-methylene lophenol and 
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24-ethylidene lophenol, whilst the 4-desmethyl sterols 
include A7-avena sterol, isofucosterol, sitosterol , 
stigmasterol, campesterol and cholesterol. As shown in Table 
4 the relative level of 4, 4-dimethyl sterols is not 
5 significantly different in the seed of the NH6S lines as 
compared to the wild type controls. However, the relative 
levels of 4-monomethyl sterols are reduced in all bar one of 
the NH65 lines compared to the control levels- Furthermore, 
23 out of 25 NH65 lines have elevated relative levels of 4- 

10 desmethyl sterols. In addition, a strong correlation between 
AtC4SMQ transcription and sterol profile was observed as 
line NH65:lfi exhibited the lowest relative level of 4- 
raonomethyl sterols and the highest relative level of 4- 
desmetHyl sterols and the highest AtC4SMO transcription 

15 level (Figure 3, Table 4). 
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Table 4. Relative level* of the 4,4-dl-, 4 -mono- and 4-dee- 

methyl sterols In tobaooo ov er-expreBBincr AtC4SM0 — 

g^nle ~~ Dimethyl Mtmomstbyl 0 Desmothyl 

SamP,e sterol* t%)* aterol (*) stool (%> 

aR l« " 10.5 ± 0.4 11.2 + 0.6 78.3 ± 0.9 



NHS5:16 



9.8 ± 0.5 10.9 ± 0.2 79.3 ± 0.5 

12.8 8.3 78.9 

10.0 10.0 79.9 



SJ35 a 
nh65:S 

NH65:1B ----- _ 

NH65:22 9-4 10-6 80-° 

NH65:22 9-4 10.1 80.5 

NH65:40 9-9 f.3 80.8 

NH65:46 9.7 9.2 81.1 

NH65:47 9-7 8.7 81.7 

NH65 : 28 9.? »•» 

NH65:30 9.4 8.7 81.9 

NH65-.10 9-5 8.6. 81.9 

NH65:20 9-0 9-0 J|-J 

NH65-.23 9.5 8.3 82.1 

NH65:19 8-8 9.0 82.2 

NH65-.27 H-9 5-8 82.3 

WH65S1 10-3 I'* ll'l 

NH65-.33 10.9 5.6 83.5 

NH65-.7 9.9 6.5 83-5 

NH65 : 42 8.0 8.3 83.7 

KH65:50 8.1 8.1 83.8 

NH65:37 9-2 6.6 84.2 



NH65:41 8.5 



,7 84.9 



NH65:36 9.0 6.1 84.9 

NH65:48 9-1 5.0 85.9 

9.8 4.3 85. 9 



a, The average and standard deviation of is calculated based 
on five independent SRI and SJ35 lines, b, Dimethyl sterols 
include oycloartenol and 24-methylene cycioartanol . c, 
Monomethyl sterols include 24-methylene lophenol and 24 
ethylidene lophenol. d, Desmethyl sterols include A7- 
avenasterol, isofucosterol, sitosterol, stigmasterol, 
campesterol and cholesterol, e. Calculated as % of total 
sterols . 
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Example 2 s Co- expression of C4SMD, fcHMBR and SWP1 In 
transgenic tobacco 

5 Qverexpressing AtC4SM0 in a high sterol background 

A tobacco plant co-expressing of a truncated form of Hevea 
br&s±l±ensls hmgl and Micotiana fcabacum SMTl wag obtained as 
described in WO 02/42477. 

10 

A truncated form of ffevea HMGR, lacking the KT-terminal 
membrane-binding domain, was cloned using the Eevea 
brasili&nai& hmgl as template. The ifevea brasiliensis 
(H-B.K.) Mlill. Arg. thmgl was* cloned using the primers based 
15 on the published sequence [Chye et al (1991) Plant Mol Biol 
19 1 473-34]. The forward primer 5'- 

CCTACCTCGGAAG CCATGG TTGCAC-3 9 incorporates a new start oodon 
(bold) and a Nco I restriction site (underlined) for cloning 
applications . The reverse primer 5' - 

20 CATTTTACAT TGCTAG CACGAGATTC-3 ' contains a Nhe I restriction 
site (underlined) for downstream sub-cloning purposes. The 
plasmid pNHS was used as the template DMA in the PCR (30 
cycles) using Pfu polymerase under standard conditions and 
produced a fragment of the expected size -1,3 kb. The 

25 resulting thmgl gene codes for amino acids 153-575 of the 
full-length (575) hmgl sequence (Fig. lib of 
PCT/EP/00/09374) , The thmgl PCR product was cloned into the 
pGEM-T vector (Promega) according to the manufacturers' 
instructions and secpienced to confirm fidelity- The ff. 

30 Jbra si li &n sis tHMGl was inserted into pNH4 (see 

PCT/EP/00/00937 4) between the Nco J and Nhe I sites of the 
polylinkex, which lie between the CaMV 35S double promoter 



10041759 16-JUI-02 QU18 



-36 



and nos terminator giving pMH3 (see PCT/EP/00/09374) . This 
chiraaeric gene waa isolated by digestion with Xma CI and Sal 
J, purified and cloned into the corresponding polylinker 
sites in pNH9 r after removal of the chimaeric full length 
5 ftmgl gene which previously occupied these sites, and 

subsequent purification of the binary vector. The binary 
vector pNH9 was derived by firstly inserting the Cerv - 
promoter and nos terminator cassette from pNH2 into EcoRl 
and Jfinal digested p5J34 r and subsequently placing the 

10 Nicotian* t&bacum sterol methyl transferase type 1 (Ntsmtl- 
1) gene under transcriptional control of the Cerv promoter. 
The binary vector pNH9 also contains the smtl gene cloned 
from Nicotian* tabacum, which is under transcriptional 
control of the CERV viral promoter. The binary construct was 

15 named pMH7. 

Eleotrocompetent Agrobacterlum tumefaciens cells (strain 
LBA4404) were defrosted on ice and 5ng of vector plasmid 
added. Cells plus plasmid were then placed into a pre- 

20 chilled electroporation cuvette and electroporated in a Bio 
Rad Gene Pulser at a capacitance of 25|iF and at GOO ohms. 
Immediately after electroporation 950|il of 2X TY broth was 
added, the cells mixed gently- and placed in a sterile vial . 
The cells were shaken at 28°C for 2 hours and 25jil aliquots 

25 plated on solid Lennox media containing rifampicin SOjig/ml 
and kanamycin 50ng/ml and incubated at 28*C for 3 days. 
Single colonies were used to inoculate IOjaI of water (for 
PCR confirmation) and 500ul of Lennox media containing 
rifampiain 50pg/ml and kanamycin 50jig/tfil- 



30 
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PCR positive cultures were used to inoculate a 10 ml of 
Lennox madia broth containing rifampicin SO^g/ml and 
kanamycin 50jig/ml. The overnight culture was spun down at 
3Q0Og and resuspended in an equal volume of MS media (3% 
5 sucrose) • Leaf segments were cut from young tobacco leaves 
from plants grown in tissue culture. Segments were placed 
directly into the agrobacterium solution and' left for 10 
minutes. The segments were then removed and placed upper 
surface down on feeder plates (10 per plate) and left for 2 

10 days in low light at 22 Q C. The leaf segments ware placed, 
upper surface up* on tobacco Shooting media with hormones 
containing cefotaxime 500jig/ml and kanamycin S0ng/ml and 
placed in a growth room at 24 °C with a 16hrs* light / 8 hrs 
dark regime, Three weeks later, the callus ing segments were 

15 transferred to Magenta tubs containing tobacco shooting 
media. Once formed, shoots were excised and placed on 
tobacco shooting media containing cefotaxime SOOjig/ml and 
kanamycin 50|Ag/ml without hormones, to root.. Rooted plants 
were then potted up into a 50% perlite / 50% , compost mixture 

20 and placed in a propagator. After 1 week the plants were 

removed from the propagator and subsequently potted up into 
5 inch pots- Once flowering had begun paper bags were placed 
over the flowers to prevent cross pollination. When 
flowering had finished and pods formed the bags were removed 

25 and mature pods harvested. Mature leaves and seed from dry 
pods were harvested and stored for subsequent analysis. 

The resulting transgenic tobacco line MH7:53 r co-expresses 
truncated H„ bxasillensis HMGR and N. fcabacum SMT1. It 
30 consequently over— accumulates intermediates that serve as 
substrates for sterol methyl oxidases (C4SMOs) , i.e. 2- 
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methylene cycloartanol (24MCA) , 24-methylene lophenol 
(24Mloph) and 24-ethylidene lophenol (24Eloph) (Table 5) . 

Mtt7j53 leaf discs were re-transformed with NH65, expressing 
5 At C4SM0, as described above and transformants were selected 
by resistance to hygreayein (25mg/L> . Twenty transgenic 
MH7xNH65 plants \*ere selected by PGR- The levels of AtC4SM0 
transcription in selected MH7xNH65 lines were analysed using 
real time PCR. As shown in Figure 5 all MH7xNH6S lines 
10 analysed exhibited elevated AtC4SMO expression. The highest 
expressing line, MH7xNH65:10, expressed 17-fold more A±C43MO 
transcripts than average of the wild type controls. 
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rafale 5. Levels of cycloartenol (CA) , 24-methyl cycloartanol 
(24MCA) , 24 methylene lophenol (24Mloph) , 24-ethylidene 
lophenol (24Eloph) and total sterols in wild type and 
5 tobacco leaves co-expressing tHMGR, SMT1 and AtC4SM0 





CA 


24MCA 


24MXopii 


24£lo£h 


Total 
sterols 


SR1 B 


0.0110" 


0. 0042 


n.d.° 


0.0037 


0.1850 


tstdev) 


(0.0064} 


(Q T 00l8) 




(0.00017) 


(0.034) 


MR7:53 Tl* 


0.285 


0.427 


0.192 


0.290 


2.758 


( stdev) 


(0.007) 


(0*024 > 


(0.029} 


(0.033) 


(0.006) 


MH7xNH65:10 


0.127 


0,13"? 


0.118 


0.024 


1.201 


MH7xMH65 5 2B 


0.218 


0.195 


0.188 


0.151 


1.773 



a. The average and standard deviation is calculated based on 
five independent SRI lines and four independent MH7;53 
lines, b, % of dry weight, c, the detection limit is <0.001% 
10 of dry weight. 



Analysis of loaf tissue 

15 The sterol content in mature leaf tissue of two high C4SM0 
expressing lines, MH7tfNH65;10 and MH7xNH65:28, were 
analysed. The absolute levels of 24MCA in these lines were 
0.137 to 0.196% of dry weight, respectively , which is much 
lower than the 24MCA level of the MH?:53 background (0.427% 

20 of dry weight) (Table 5) - The CA z 24MCA ratios of 

MH7xNH65:10 and :28 were significantly higher than the 
MH7:53 background (Figure 6A) . The levels of 24Mloph were 
significantly lower in line MH75tWH65:10 but not in line 
MH7xNH65i2B (Table 5). However, when the overall carbon 

25 fluxes were taken into account by calculating the CA : 
24Mloph ratios both of these transgenic lines exhibited 
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significantly higher ratios than the MH7:53 background 
(Figure €A) . The absolute amounts of 24Eloph were 

significantly ldwer in both line MH7xNH65:10 and WH7xNH65:28 
compared to the MH7:53 background (Table 5). In addition, 
5 the CA : 24Eloph ratios of these transgenic plants were 
increased over the mh7:53 control (Figure 6A) . 



ID 



Analysis of seed tissue 

The absolute levels of 24MCA and 24Mloph were not 
significantly altered in seed tissue of MH7xNH65:10 and 
MH7kNH65:28 lines compared to the parent MH7 line (Table €) . 
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Table 6. Levels of cycloartenol (CA) r 24-methyl cycloartanol 
(24MCA), 24 methylene lophenol {24Mloph), 24-ethylidene 
lophenol (24Eloph) and total sterols in- wild type and 
5 tobacco seed co-expressing tHMGR, SMTl and AtC4SM0 



IdLnas 


CA 


24MG3* 


24Mlop3i 




Total 












steroid 


SRI* 


0,0398" 


0.0038 


0-0072 


0.0379 


0. 


.414 




(0.00059) 


(0. 00026) 


(0*0022) 


(0.015) 


(0 


.022) 


MH7xSJ35 B 


0.0739 


0.140 


0.04 41 


0-0743 


0 


• 874 




(0.0.0042) 


(0.015) 


(0.0034) 


(0.013) 


10 


.043) 


MH7xNH6S : 10 


0.0898 


0.122 


0.0374 


0.0358 


0 


.911 


MH7XNH65i2S 


0.0963 


0.122 


0.0432 


0.0521 


0 


.846 . 



a r The average and standard deviation is calculated based on 
five independent SRI lines and four Independent MH7x3J35 
10 lines • b, % of dry weight. 



In contrast, the levels of 24Bloph were significantly lower ^ 
in both these lines than the MH7 background. The ratios of; 
15 CA to the C4SMO substrates broadly exhibited the same 
patterns in seed and leaf (Figures 6A and B) . The main 
difference is that the CA : 24Mloph ratio was significantly 
higher than the parent MH7 in lines MH7xNH65:10 and 
MH7xNH65:18. 

20 

Taken together these results indicate that AtC4SMO catalyses 
the conversion of 24MCA and 24Eloph into downstream 
phytosterols. Furthermore, AtC4SM0 also catalysed the 

25 be explained by differences in substrate specificity or the 
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fact that the overall carbon flux in the sterol biosynthesis 
pathway is higher in leaf than seed. 

Altered distribution of 4,4-di-, 4 -mono- and 4-dasmethyl 
5 sterols in tobacco seed over-caressing BMSR, SMaJl and C4SM0 

The relative distributions of the most abundant di-, mono- 
and das-methyl sterols were calculated for wild type (SRI) , 
MH7 and two MH7xNH65 lines (:10 and :29) . The 4,4-dimethyi 

10 sterols include cycloartenol and 24-methylene cycloartenol , 
the 4-monomethyl sterols include 24-methylene lophenol and 
24-ethylidene cycloartenol, whilst the 4-desmethyl sterols 
include. n7-svenasterol, isofucoeterol, sitosterol, 
etigmasterol, campesterol and cholesterol. As shown in Table 

15 '7 the relative level of 4,4-dimetnyl sterols is similar in 
the MH7xNH65 seed compared to the MH7 background. However, 
the relative levels of 4-monomethyl sterols are reduced in 
both MH7xNH65 lines compared to the background (MH7) . 
Furthermore, both MH7xNH65 lines (:10 and :28) have elevated. 

20 relative levels of 4-desmethyl sterols. In addition, a 
correlation between expression and sterol profile was 
observed as the line with highest level of AtC4SMO 
expression, MH7xNH65:10, also exhibited the lowest relative 
level of 4-monomethyl sterols and the highest relative level 

25 of 4-desmethyl sterols. 
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Table 7. Distribution of 4,4-di-> 4-mono- and 4-des-methyl 



sterols in MH7xNH65 tobacco seed 



Sample 


Dimethyl 
sterols (%> 


Manomofchyl 
sterols (%) 


Deamethyl 
sterols (%) 


SRl a 


0.105±0.004 


0,112±0.006 


0.783+0.009 


MH7xSJ35 a 


0.245±0.01€5 


0.136±0.0133 


0.620±O.OJL02 


MH7xNH65s2B 


0.258 


0.113 


0. 530 


MH7xNH65!lO 


0.232 


0.080 


0.688 



e, The average and standard deviation is calculated based on 



five independent SRI lines and five independent MH7xS*T35 
5 lines. 
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Claims 



1. A method for increasing the level of 4-desmethyl 
sterols in a plant which comprises increasing the enzymatic 

5 demethylation o£ 4-monomethyl and 4, 4-dimethyl sterols. 

2. A method as claimed in Claim 1, wherein the levels of 
4-monoraethyl sterols arid 4, 4-dimethyl sterols in the plant 
are reduced. 

10 

3. A method as claimed in Claim 1 or Claim 2, wherein the 
plant has been modified to increase the production of 4- . 
monomethyl and/or 4, 4-dimethyl sterols compared to the wild 
type plant. 

15 

4. A method as claimed in Claim 3, wherein the plant has 
increased HMGR activity compared to the wild type plant. 

5. A method as claimed in Claim 3 or Claim 4, wherein the 
20 plant has increased SMT1 activity compared to the wild type 

plant . 

6. A method as claimed in any one of Claims 1 to 5, 
wherein the 4-desmethyl sterols are selected from 

25 betasitosterol, sitostanol, stigmasterol , brassioaaterol, 
campestanol, isofucosterol, campesterol r episterol and 
mixtures thereof. 



7. A method as claimed in any one of Claims 1 to 6, 
30 wherein the enzymatic demethylation is increased by 
increasing the activity of C4SM0 in the plant. 
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10 



15 



20 



25 



8* A method as claimed in Claim 7 iiherein the activity of 
C4SM0 in the plant is increased by increased expression of a 



9. A method as claimed in Claim 8 wherein the gene id a 
heterologous gene. 

10. A method as claimed in Claim 9 wherein the gene coding 
for C4SM0 is derived from ArabSdopais. 

11- A method as claimed in any one of Claims 1 to 10 
wherein the plant is tobacco, canola, sunflower, rape or 
soy, 

12. A plant having increased levels of 4-d©smethyl sterols 
compared to the wild type plant in which the levels are 
increased according to the method of any one of Claims 1 to 
11. 



13. A plant as claimed in Claim 12 which has an increased 
proportion of 4-desmethyl sterols relative to 4-monomethyl 
and 4,4-dimethyl sterols compared to the wild type plant, 

14. A method of transforming a plant which comprises 5 

(a) trans forming a plant cell with a recombinant DMA 
construct comprising a DNA segment encoding a 
polypeptide with C4SM0 activity and a promoter for 
driving expression of said polypeptide in said plant 
cell, to form a transformed plant cell; 



gene coding for C4SMQ. 
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<b) regenerating the transformed plant cell into a 
transgeaic plant; and 

(c) selecting transgenic plants that have enhanced 
5 levels of 4-desmethyl sterols compared to wild type 

strains of the same plant. 

15. A method as claimed in Claim 14, wherein the enhanced 
levels of 4-desmethyl sterols are in- the seeds of the plant. 

10 

16. A method as claimed in Claim 14 or Claim 15 wherein the 
transformed plant is a plant according to Claim 12 or 
Claim 13. 

15 17. A process for producing an oil comprising a 4-desmethyl 
sterol which comprises extracting sterols from a plant 
according to Claim 12 or Claim 13. 

18. A process as claimed in Claim 17 in which the oil is 
20 extracted from the seeds of the plant, - 

19. a process as claimed in Claim 18 in which the seeds are 
obtained by cultivating the plant for one or more 
generations and harvesting the seeds- 

25 

•20. Plant material obtainable from a plant according to 
Claim 12 or Claim 13. 

21. Plant material as claimed in Claim 20 which is a seed. 

30 

22. Product comprising an oil produced by a process 
according to any one Of Claims 17 to 19. 
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23. Product as claimed in Claim 22 which is a food product, 
an oil for use in food preparation/ a lubricating oil,, 
a fuel oil or a feedstock for use in the production of 

5 hydrocarbons . 

24. The? use of a gene expressing a C4SMO to increase the 
level of sterols in a plant. 

10 25. The use of Claim 22 in a method of any one of Claims 1 
to ll. 
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METHOD FOR MODIFYING PIANTS 

5 

A method for inoreaeing the level of 4-desmethyl sterols in 
a plant comprises increasing the enzymatic demethylation of 
4-monomethyl and 4 , 4-dimethyl sterols. The enzymatic 
demethylation may be effected by the use of a gene 
10 expressing a C4 sterol methyl oxidase CC4SMO) . 
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Figure X. 



10041759 16-Jul-OZ 01 :U 



T7085FF 



RDI1IN. PRT.DEF. 



-49- 



31 104B06290 P. 57/67 



1 ATGCAGTACC TTGTT71CGCA TCTCMTOAC TtfTCAACTGG CGTGTWTGQ aaSTTTOATA 
M Q Y IiVT H2?SD F Q A C I OSFI 

61 CTTCATGAAA GOGTGTTTTT CTTGTCTGGA CTCCCTTACA TTTTdCrAQA AAGGACTGGT 
S JjHBSVPFLSGIjPYIFJiEHTG 
121 TTTCTGAGCA ACTACAAAAI TCAGACCAAA AGTAA2ACTC CTGAAGCCCA G6GAAAA1TGC 
FliS U Y K IQTK S M T P B A Q G K C 
181 ATTGCTCGAC TAT^ACTTTA CCATEGCTOC GTAAACXXGC CCCTC&TQAT GGCGTCGTAX 
I A R X. Xi L YHC.C V g Xi P _ I*__M M A S Y 
10 241 CCTOTATTCA UATTCATC£<3 CaSUUAAAQC AWXXTXCCTC TOC^B'AXXTIQ GAAAOTBGTQ 
1? V F R F M G M B S 8 F P LPS W K V V 
301 TCTGCCCAGA TCTTATTCTA CTTCATCATT GAGG&TTTTG TATTCTATW GGGTCAC^GQ 
SAQ I I. F YFI1 EDF V F Y WOHR 
361 ATCTTGCATA CTAAATGGCT CEACAAGAAC GTGGACAGTG TGCAXCATGA GTACGCOACA 
IS It*H TKW LYKH V H 6 V H H B Y A T 

421 CCGTTTGGTT TGACA3FCAGA ATATGCTCAT CCCGCTGAAA TXCTCTXCCT TGGTTTTGCT 
F F G IilfS BYAH P A E IIiF ti G F A 
461 ACCATTOTTO GTCCGGCTCtf CACCGGGCCT CACCTGATCA CCCTTTGGTT ATGGATGATO 
T I V G P A Ii T G F B L I T Ii W Xi TO H M 
20 541 CTCAGAGTTA TTGAGACAGT TGAGGCACAT TGTCGMATC ATTTGCCATG GAGCCCCTCG 
1RVIETVBA H C G Y g F P TO 3 P S 
601 AATXTTCTTC CTCTATAGQB CSOTGCTOAC TTCCATGACT ACCAXCATCG ATTACTCTAC 
NFL PI.Y GGAD F HP Y H H R li L Y 
€61 AGAAAGTC*G GCAACTACtC AUCAACGTTT GTTTACATGG ACTOGATCCT TGGCACCGAT 
25 T KS GNY SSTF VYM DWl FGTD 

721 AAAGGTTACA GAAAAC7TAA GGCCCTAAAA GAAACCTGA 
KGY RKIt KAIjK E T - 



30 



Figure 2. 
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Figure 5. 
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Figures 6 and (B) 
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3* ecu gjcJ.miiar d.n Table X 



<4QO> 2 
taccttgtta 



<211> 2Q 
<212> 



<22fl> 
<223> 



<dOQ> 3 
togggocttu agtttt c 

<210> 
<211> 
<212> 



<220> 
•c22 3> 



<211> 
<212> 



PCR s"=rd_m«ir in TablO X 



<211> 
^212> 
<2135> 



Artls&niai ScacjiAorac 



S • E>CK BJ-XXKMB*? d-x» VobL« X 

<«oo> s 

oooaOdtgtt goagt«cott <jtcacg 

<21D> 7 
<211> 34 
<212> i^zsszv 

«220> 
<Z23> 



Pen. S»ard.3m*ar In Table X 



<4QO> 7 

ctoatagaao t= oa00ttcat tsttagggaan 

<21D> B 
<21I> IS 
<212> 
%213> 



5 * PCR Ptfitter In Tabia x ' 
<4QO> a 

<210> d 

<2ia> 24 

<313j> Artlfialal fiequanoft 



c220> 
C323> 



5 ' PGR PiMmox In Ta&ia X 



<210> lO 

<a n> 2i 
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<213> 



<22Q> 
<223> 



<4DO> 



5 • PCR Par dons ar A-r» Tablo 
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21 

ccggcaaoag gattcaatct t 

<210> 11 

<211> 60 

<212> ONA 

<213> Artificial Sequence 
<220> 

<223> 5' PCR Primer in Table 1 

Jag^tccii cgacatcgat aatacgactc actataggga tttttttttt tttttttttt 60 

<210> 12 

<211> 24 

<212> DflA 

<213> Artificial Sequence 

<223> 5' PCR Primer in Table 1 

<400> 12 24 
ggaaacagct atgaccatga ttac 

<210> 13 

<211> 20 

<212> DHR 

<213> Artificial Sequence 
<:22Q> 

<223> 5 r PCR Primer in Table 1 

<400> 13 20 
tttcccagtc acgacgttgt 

<210> 14 

<2I1> 17 

<212> 0MA 

<213> Artificial Sequence 
<22Q> 

<223> 5' PCR Primer in Table 1 

<400> 14 17 
gtaaaacgac ggccagt 

<210> 15 

<211> 18 

<J212> DNA 

<213> Artificial Sequence 
<220> 

<223> 5' PCR Primer in Table 1 

<T400> 15 
tgctgagcgt ttccgttg 

<210> 16 

<211> 17 

<212> DKA 

<213> Artificial Sequence 
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<220> 

<223> 5 f PCR Priraer in Table 1 

<4O0> 16 

ccggcagctt ccattcc 17 

<210> 17 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

*223> 5' PCR Prime* in Table 1 

<400> 17 

gtgcacagtg tgcatcatga gt 22 

<210> 18 

<211> 21 

<21Z> DHA 

<213> Artificial Sequence 
<220> 

<223> 5 1 PCR Primer in Table 1 

<400> 18 

ttcagcggga tgagcatatt a 21 

<210> IS 

<211> 5 

<212> PM 

<213> Rattus norvegicus 

<400> 19 

His Arg He Leu His 

1 5 

<210> 20 

<211> 5 

<212> PRT 

<213> Rattus norvegious 

<400> 20 

His Ser Val His His 

1 5 

<210> 21 

<211>> 5 

<212> PRT 

<213> Rat t Ms norvagicus 

<400> 21 

Hi a Cys Sly Tyr His 

1 5 

<210> 22 

<211> 5 

<212> PRT 

<213> Rattus norvegicus 
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<flOO> 22 

Bia Asp Tyr His His 

1 5 




<210> 


23 


<211> 


25 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


5' PCR Primer 


<400> 


23 


octacctcgg aagccatggt tgcac 


<210> 


24 


<211> 


26 


<£212> 


DNA 



25 



<213> Artificial Sequence 



<220> 

<223> 5 P reverse PCR Primer 
<4 00> 24 

cattfctacafc tgafcagcaaa agattc 



<210> 25 

<211> 759 

<212> DMA 

<213> Arabidopsis thaliana 



at^cagtaco fctgttacgoa fcttoagtgac tttcaactgg cgtgtattgg gagttttata €0 

cttwtgaaa gcgtgttttt cttgtctgga ctcccttaca ttttcataga aaggactggt 120 

tttctgagca actacaaaat tcagaccaaa agtaatactc ctg&agccca gggaaaatgQ 180 

attgctcgao tattacttta ccattgctgc gtaaacttgc ccctcatgat ggcgtcgtat 240 

cctgtattca gattcatggg catggaaago agttttcctc tgccgtcctg gaaagtggtg 300 

UCWCC^ga tcttattcta cttaatcatt gaggattttg tafctctattg gggtcaaagg 360 

atcttgcata ataaatgg<?t ctacaagaac gtgcacagtg tgcatcatga gtacgcgaca 420 

ccgtttggtt tgacatcaga afcatgctcat cccgctgaaa ttotgttoot tggtfcttgofc 4S0 

ac<?attgttg gtccggctct caccgggcct cacctgatoa acctttggtt afcggatgatg 540 

ctcagagtta ttgagacagt tgaggoacat tgtggtuatc atttcccatg gagoTOCtcg 600 

aattttcttc ctotatacgg cggtgctgac ttecatgact accatcatcg attactctac 660 

aoaaagtctg gcaactactc atcaacgttt gtttaoatgg actgga*ct:fc tggcacegat 720 

aaaggttaca gaaaaottaa ggcoctaaaa gaaacctga 759 

<210> 26 
<T211> 252 
<212> PfcX 

<213> Arabidopais thaliana 
<400> 26 

Mat Gin Tyr Lea Val Thr Hia Phe Ser Asp Phe Gin Leu Ala Cya He 
15 10 15 

Gly Ber Pbe lie Leu His Glu Ser Val Phe Phe L<*u Ser Gly Leu Ero 
20 25 30 

Tyx lie Phe Leu Glu Arg Xhr Gly Phe Leu Ser Asa Tyr Lys lie Gin 
35 40 45 
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Thr Lye Sor Asa thr Pro Glu Ala Gin Gly Lys Cys tie Ala Arg lieu 
50 55 60 

Leu Leu Tyr His Cys Cys Val Asn Leu Fro Leu Met Met Ala Sex Tyr 
65 70 75 80 

Pro Val Phs Arg Phe idet Gly Met Glu Ser Sex Phe Pro Leu Pro Ser 
85 90 95 

Trp Lys Val Val Ser Ala Gift He Leu Phe Tyr Phe He He Glu Asp 
100 105 110 

Pfce Val Phe Tyr Trp Gly Hie Arg Tie Leu His Thr Lye Trp J^u Tyr 
115 120 125 

Lys Asn Val His Ser Val Hid His Glu Tyr Ala Thr Pro Phe Gly Lw 
130 135 140 

Thr Ser Glu Tyr Ala His Pro Ala Glu lie Leu Phe Leu Gly Phe Ala 
145 150 155 160 

Thr lie Val Gly Pro Ala Leu Thr Gly Pro His Leu He Thr Leu Trp 
165 170 175 

Leu Trp Met Wet Leu Arg Val He Glu Thr Val Glu Ala His Cys Gly 
180 185 190 

Tyr His Phe Pro Trp Sar Pro Ser Aan Phe Leu Pro Leu Tyr Gly Gly 
195 200 205 

Ala Asp Phe His Asp Tyr His His Arg Leu Leu Tyr Thr Lya Ser Gly 
210 215 220 

Aen Tyr Ser Ser Thr Phe Val Tyr Met Asp Trp He Phe Gly Thr Asp 
225 230 235 240 

Lys Gly Tyr Arg Lys Leu Lya Ala Leu Lys Glu Thr 
245 250 
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SEQUENCE LISTING 

<110> Unilever Pic 

<120> Method for Modifying Plants 



<130> T02/005 



<160> 26 

<170> Set*Hin&3 

*210> 1 

<211> 25 

*212> DNA 

<213> Artificial Sequence 
<220> 

<:223* 5» PCR Primer ill Table 1 

<400> 1 

gtctgtctaa agtaaagtag at£cg 25 

<210> 2 

<211> 19 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> S f PCR Primer in Table 1 

<4 00> 2 

taccttgtta cgcatttca 19 

<210> 3 

<211> 20 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> 5 f PCR Primer in Table 1 

<40Q> 3 

tagggcctta agttttct$t 20 



<210> 


4 


<211> 


34 


<212> 


UNA 


<213> 


Artificial Sequence 


<220> 




<Z23> 


5 9 PCR Primer in Table 


<4005> 


4 



ccoaagcttc aaaatgatgc agtaccttgt tacg 34 

<210> 5 
<211> 36 
<212> DMA 
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<213> Artificial Sequence 
<2Z0> 

*223> 5 1 PCS. Primar in Table 1 

<400> 5 36 
ggaattcagg ttfccttttag ggefctteagt 

<210> 6 

<211> 26 

*212> DNA 

<213> AxtificxJ^l Sequence 
<220> 

<223> 5' PCR Primer in Table 1 

<400> 6 26 
cceaeatgtt goagtaoott gtfcaeg 

<210> 7 

<211> 34 

<212> DNA 

<213> Artificial Sequence 
<220> 

<;223> 5* PCX Primer in Table 1 

<400> 7 - 4 
ctcatagagc tcaggtttcfc tttagggocrt taag 

<210> 8 
<211> 19 
<212> jdna 

<213> Artificial Sequent 

<220> ^ n . 

<223> 5* PCR Primer xn Table 1 

<400> a 19 
aetggatgga tggtgtcaa 

<210> 9 
<211> 24 
<212> DMA 

<213> Artificial Secmen&e 
<220> 

<223> 5 1 PGR Primer in Table 1 



<400> 9 

agtgggattt atgtattgtt gttg 

<210> 10 

<211> 21 

<212> DWA 

<213> Artificial Sequence 
<220> 

<223> 5 f PGR Primer in Table 1 

<400> 10 



24 
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ccggcaacag gattcaatct t 



21 



<210> 


11 


<211> 


60 


<212> 


Dm 


<213> 


Artificial Saquengc 


<220> 




<223> 


5 f PCR Primer in Table 


<400>- 


11 



aa^gatccgt cgaaatagat aatacgactc actataggga tttttttttt ttttttfcfebt 60 



<210> 


12 


<211> 


24 


<212> 


DNA 


<213> 


Arti£Aoi*l Sequence 


<220> 




<223> 


5* PGR Primer in Table 


<400> 


12 


ggaaacaget atgaccatga ttaa 


<210> 


13 


<211> 


20 


<S212> 


OKA 


<213> 


Artificial Sequence 


<220> 




<223> 


5 1 PGR Primer in Tabic 


<400> 


13 



tttcccagtc aogacgttgt 20 

<210> 14 

<211> 17 

<212> DNA 

<213> Artificial Secfuence 
<220> 

<223> 3' PCR Primer in Table 1 

<400> 14 

gtaaaacgac ggccagt 17 

^210> 15 

<211> 18 

<212> DMA 

<T213> Artificial Sequence 
<220* 

*223> 5" PGR Primer in Table 1 

<400> 15 

tfldstgagcgt ttecgttS 18 

<210> 16 

<;211> 17 

<212> DNA 

<213> Artificial Seunaance 
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<220> 

<223> 5 f PCR Primer in Table 1 

<400> 16 
ccggcagott ecottcc 

<210> 17 

<211> 22 

<212> DflA 

<213> Artificial Sequence 
<220> 

<Z23> 5' PCR Primer in Table 1 

<400> 1? 

gtgcaeagtg tgcateatga gt 

<210> 18 

<211> 21 

<212> DNA 

«c213> Artificial Sequence 
<220> 

<223> 5' PCR Primer In Table 1 

<400> 18 

ttc<igcggga tgagcatatt c 

«210> 19 

<211> 5 

<212> PRT 

<213> Rattus norvagicoB 

<£400> 19 

His Arg Xle I>eu Hid 

1 5 

<210> 20 

<211;» 5 

<212> PRT 

<213> Rattus norvegicus 

<4D0> 20 

His 3er Val His His 

1 s 

<210> 21 

<211> 5 

<2L2> PBT 

<2l3> Rattus norvsgiaus 

<400> 21 

His Cys Gly Tyr His 

1 5 

<210> 22 
<211> 3 

<212> PRT 

<213> Rafctas tiorvagicus 




<400> 22 

Hi© Asp Tyr His fiia 

1 5 

<210> 23 

<211> 25 

<212> DHA 

<213> Artificial Sequence 
<220> 

<223> 5 T PCfc Primer 



<T400> 23 

cotaectcgg aagccatggt tgcac 



<210> 


24 


<21X> 


26 


<212> 


DOT. 


<213> 


Artificial Sequence 


<220> 




<223?> 


5 T reverse pgr Primer 


<400> 


24 


cattttacat tgotagcaoQ agattc 


*210> 


25 


«2*1> 


759 


<212> 


DNA 


<213> 


Arabidopsie t: ha liana 



26 



<40Q> 25 

atgcagtacc ttgttacgca tttcagtgao tttcaacfcgg cgtgtattgg gagttttata $0 

cttcatgaaa gcgtgttttt pttgtctgga ctcccttaoa ttttcctaga aaggactggt 120 

tttctgagca actacaaaat tcagaccaaa agtaatactc ctgaagecca gggaaaatgc lfiO 

attgctcgac tattacttta ccattgctgc gtaaacttac ccctcatgat ggcgtcgtat 240 

ccfcgtattca gattcatggg catggaaagc agttttccto tgccgtcctg gaaagtggtg 300 

tctgcccaga tcttattata cttca&Catt gaggattttg tattctattg gggtcacagg 360 

atettgcata ctaaatggct ctacaagaao gtgc&c&gtg tgcatcatga gtacgcgaca 420 

ccgtttggtt tgacatcaga atatgctcat ©ccgctgaaa ttatgttcct tggttttgot 480 

accattgttg gtccggctct paccgggcct cacctgatca ccctttggtt atggatgatg 540 

ctcagagtta ttgagacagt fcgag^cacat tgtggttatc atttcccatg gagcccotcg 600 

aatfcfctcttc ctctatacgg cggtgctga.c ttccafcgact accatoatcg attactetac $60 

acaaagtctg geaactacto atcaacgttt gtttaaatgg actggatctt tggcaecgat 720 

aaaggttaea gaaaaottaa ggccfctaaas gaaacctga ^39 

<210> 26 

<211> 252 , 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 26 

Met Gin Tyr Leu Val Thr His Phe Ser Asp She Gin Leu Ala Cya He 
15 10 15 

Gly Ser Phe He Leu His Glu Ser Val Phe Phe Leu Ser Gly Leu Pro 
20 25 30 

Tyr He Phe Leu Glu Arg Thr Gly Phe Leu Ser Asn Tyr Lya He Gin 
35 40 4B 
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Thr Lye Sor Aot Thr Pro Glu Ala Gin Gly Lys Cys He Ala Arg Leu 
SO 55 60 

Leu Leu Tyr Bis Cys Cys Val Asa Leu fero Leu Met Met Ala Ser Tyr 
65 " 70 75 80 

Pro Val Phe Arg Phe Mat Gly Met: Glu fior Ser Phe Pro Leu Pro Ser 
85 96 93 

Trp Lys Val Val Ser Ala Glu He Leu Phe Tyr Phe He lie Glu Asp 
100 105 110 

Phe Val Phe Tyr Trp Gly His Arg He Leu His Thr Lya Trp Leu ryr 
11S 120 135 

Lys Asn Val His Ser Val His Hia Glu Tyr Ala Thr Pro Phe Gly Leu 
130 135 140 

Thr Ser Glu Tyr Ala Hia Pro Ala Glu lie Leu Phe Leu Gly Phe Ala 
145 ISO 155 160 

Thr He Val Gly Pro Ala Leu Thr Gly Pro His Leu He Thr Leu Trp 
165 X70 175 

Leu Trp Met Met Leu Arg Val He Glu Thr Val Glu Ala His Cys Gly 
180 185 190 

Tyr His Phe Pro Trp Ser Pro Ser Asn Phe Leu Pro Leu Tyr Gly Gly 
195 £00 205 

Ala Asp Phe Hia Asp Tyr His His Arg L*u Leu Tyr Thr Lys Ser Gly 
210 215 220 

Asn Tyr 9er Ser Thr Phe Val Tyr Met Asp Trp He Phe Gly Thr Asp 
225 230 235 240 

Lys Gly Tyr Arg Lys L&U Lya Ala Leu Lys Glu Thr 



245 



250 



